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SPECIFICATION 

Limiting the presence of the oxides of ni- 
trogen In regenerative heating systems. 

5 

The present invention relates to the limiting of 
the presence of oxides of nitrogen in the ex- 
haust gas emitted by a regenerative heating 
system and Is also concerned with a regenera- 
10 tor adapted for this purpose and also adapted 
for the removal from the heat storage bed of 
the regenerator susceptible material as herein- 
after defined tending to block the pores of the 
bed. 

15 Regenerative heating systems usually com- 
prise two or more regenerators which are 
connected to a furnace containing a charge to 
be heated by the combustion products sup- 
plied through the wall of the furnace by the 

20 regenerators. The system is designed so that 
the combustion products supplied by one re- 
generator during its so called firing phase pro- 
vide waste heat in the form of waste gas 
leaving the furnace, the waste heat being re- 

25 covered by another regenerator operating in a 
heat collecting or recovery phase. 

Each regenerator usually comprises a shaft 
housing a heat storage bed disposed between 
two openings, 

30 One opening communicates directly with the 
furnace to serve during a firing phase of the 
regenerator as an outlet to discharge combus- 
tion products to the furnace and during a heat 
collecting phase of the regenerator as an inlet 

35 to receive waste gas from the furnace. The 
other opening serves during a firing phase of 
the regenerator as an inlet to receive combus- 
tion air to provide combustion of the fuel in a 
combustion chamber and during a heat collect- 

40 ing phase of the regenerator as an oulet to 
discharge the waste gas as exhaust gas to 
the atmosphere. 

The heat storage bed recovers heat from 
the waste gas during a heat collecting phase 

45 before allowing it to be discharged as exhaust 
gas from the system. The bed then releases 
its stored heat during a firing phase to preheat 
the combustion air as it passes through the 
bed before it reaches the combustion cham- 

50 ber. The bed itself is permeable to fluids such 
as waste gas and air of course and comprises 
a porous structure frequently of discrete par- 
ticles of a heat collecting refractory material. 
The combustion chamber, which lies be- 

55 tween the heat storage bed and the opening 
communicating directly with the furnace serves 
to provide combustion of fuel with the pre- 
heated combustion air during a firing phase 
whereby the combustion products are pro- 

60 duced- The fuel is injected into the chamber 
during the firing phase, means being provided 
to ignite the fuel so that combustion can take 
place. 

The combustion chamber may form part of 
65 a burner incorporated within the regenerator 



forming part of a regenerative heating system. 
Typical such regenerative heating systems are 
fully described in US Patent No. 4522588 cor- 
responding to published GB Patent Application 
70 No. 2128724A and in our copending UK Pa- 
tent Application No. 8527894. 

The preheating of combustion air in the 
manner described above has now become a 
well established technique for improving the 
75 efficiency of high temperature furnaces by re- 
covering heat from the waste gas. 

One effect of preheating combustion air is 
generally to raise the temperature of the flame 
ensuing from the fuel combustion process. 
80 This effects the combustion reaction and 

tends to increase the formation of the oxides 
of nitrogen mainly NO and NO2. In fact where 
the fuel is natural gas, the production of these 
oxides increases markedly with flame tempera- 
85 ture and is overwhelmingly caused by the 
thermal fixation of atmospheric nitrogen pre- 
sent in the combustion air. The quantity of 
oxides produced is also determined by the 
time (residence time) for which the flame is 
90 held at these high (peak) flame temperatures. 
The production of the oxides of nitrogen 
(known as NO^ for short) as a consequence of 
the combustion of fuel with air is undesirable 
in its effect upon the environment as the NO^ 
95 in the exhaust gas leaving the regenerative 
heating system is now known to produce air 
pollution contributing to acidification of rain, 
the production of photochemical oxidants in 
the interaction of the NO^ with the hydrocar- 

100 bons in the atmosphere and the degradation 
of visibility where high levels of NO2 are al- 
lowed to be emitted. 

Legislation already exists in some countries 
e.g. Japan, to limit the presence of NO^ in 

105 emitted exhaust gas and it is quite likely that 
similar legislation will be introduced in Europe 
and possibly North America and it will be es- 
sential to limit NOjt emission if the more effici- 
ent heat recovery systems of the regenerative 

110 type are to be widely adopted. 

A known method of reducing the level of 
NO^ produced by a burner is the provision of 
water vapour at the point of combustion. The 
water may be provided in the form of liquid 

1 15 water Injected into the flame, or water vapour 
in the form of steam injected into the flame. 
Where the water is liquid it forms steam on 
contact with the flame. 

The actual presence of water vapour in the 

120 combustion chamber increases the volume and 
thermal mass of the gases in the combustion 
zone. This results in a reduction in the level of 
NOx in the combustion gases. However, the 
injection of water or water vapour at the point 

125 of combustion causes heat to be extracted 

from the flame and unfortunately it is not pos- 
sible to recover this heat from the subsequent 
waste gas. Consequently the overall efficiency 
of the process is reduced. 

130 It is an object of the present invention to 
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provide a technique whereby the presence of 
the oxides of nitrogen in the exhaust gas leav- 
ing a regenerator are limited with an accom- 
panying smaller reduction in overall process 
5 efficiency than is obtained with the methods 
described above. 

It is also an object of the present invention 
to provide a regenerator adapted for this pur- 
pose and as a consequence also adapted for 

10 the removal from the heat storage bed of the 
regenerator of susceptible material tending to 
block the pores of the bed. 

According to one aspect of the present in- 
vention we provide a method for limiting the 

15 presence of the oxides of nitrogen in the ex- 
haust gas leaving a regenerator, the method 
comprising injecting water or water vapour 
into the regenerator during its firing phase and 
causing the water or water vapour to reach 

20 the combustion chamber of the regenerator by 
way of its heat storage bed which has been 
preheated during a previous heat collecting 
phase. 

According to another aspect of the present 
25 invention we provide a regenerator adapted to 
limit the presence of the oxides of nitrogen in 
the exhaust gas leaving the regenerator, the 
regenerator comprising a shaft housing a heat 
storage bed, and means for injecting water or 

30 water vapour into the regenerator during firing 
in such a manner that the water or water 
vapour enters the combustion chamber of the 
regenerator by way of the heat storage bed 
which, in use, has been preheated during a 

35 previous heat collecting phase. 

At the normal temperatures to which the 
heat storage bed of a regenerator is pre- 
heated, e.g. 1200°C, water (if injected rather 
than water vapour) will vapourise on passing 

40 through the bed and the resulting vapour will 
also be preheated before it enters the com- 
bustion chamber. In the case where vapour 
e.g. steam, is injected rather than water the 
vapour will simply be preheated on passing 

45 through the bed and will then enter the com- 
bustion chamber. 

Since by either method water vapour is pre- 
sent in the combustion chamber of the regen- 
erator during combustion, the volume and 

50 thermal mass of the combustion gases will be 
increased and this will result in the level of 
NOx in the gases being limited. However, 
since the water vapour has already been pre- 
heated by the heat storage bed and a large 

55 proportion of this heat will be collected as the 
water vapour leaves the system by way of 
another regenerator bed, little additional heat 
input is necessary to raise the temperature of 
this water vapour to process temperature. 

60 Consequently the overall efficiency of the pro- 
cess is not unduly reduced. 

While the heat storage bed is cooled as the 
water especially or the water vapour passes 
through it we have surprisingly found that this 

65 has only a marginal effect in reducing the 



overall process efficiency. 

We recomend that water rather than steam 
be injected if the steam has to be generated 
in a special plant since we have found that it 

70 is more efficient to generate the steam within 
the regenerator as a result of heat released 
from the bed rather than as a separate oper- 
ation in say a steam-raising boiler. However, 
where the steam is available free, so to 

75 speak, as a waste product of a parallel pro- 
cess we would recommend injecting this 
steam rather than water in order to save the 
heat released from the bed in vapourising the 
water. 

80 Preferably the water or water vapour is in- 
jected into the combustion air at a point up- 
stream of the heat storage bed with respect 
to the direction of movement of the combus- 
tion air and the heat storage bed is arranged 

85 so that its surface farthest from the combus- 
tion chamber is uppermost. This will be the 
coldest part of the bed at all times and will 
thus ensure that heat removal from the bed 
will not reduce the peak air preheat tempera- 

90 ture below the level which is a natural conse- 
quence of heat removal in the colder zones of 
the bed. 

In a preferred embodiment of the invention 
during a firing phase of the regenerator the 
95 temperature of the preheated combustion air 
is sensed by temperature sensing means be- 
fore the preheated air reaches the combustion 
chamber of the regenerator and if the temper- 
ature of the combustion air is below a preset 

100 level the injection of water or water vapour 
into the regenerator is ceased. 

The value of this threshold temperature will 
be determined by the level of NO, in the ex- 
haust gas permitted by the country in which 

105 the regenerative system is operating it being 
appreciated that the higher the temperature of 
the combustion air, the higher the flame tem- 
perature and therefore the higher the levels of 
NO^ in the exhaust gas. As wilt also be appre- 

1 10 ciated, from the user's point of view it is 
generally desirable to operate with a flame 
temperature as high as possible to increase 
the heating efficiency of the process. 

By monitoring the temperature of the pre- 

1 15 heated combustion air it is possible to main- 
tain the flame temperature at no lower a level 
than is necessary to satisfy the legislation on 
permitted NO, levels. 

According to a futher aspect of the present 

120 invention we provide a regenerator comprising 
a shaft housing a heat storage bed which, in 
use, is generally upwardly directed, means for 
injecting water or water vapour onto that sur- 
face of the heat storage bed which is upper- 

125 most when the shaft is in its generally up- 
wardly directed position, an inlet for supplying 
water or water vapour to the injecting means, 
and an outlet for discharging from the regen- 
erator water or water vapour which has per- 

130 colated through the bed, the outlet being dis- 
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posed beneath that surface of the bed which 
is lowermost when the shaft is In its generally 
upwardly directed position. 
This regenerator, apart from enabling the 
5 level of NO,^ in the exhaust gas to be reduced, 
is also adapted for the removal from the heat 
storage bed of the regenerator "susceptible" 
material tending to block the pores of the 
bed. By "susceptible" material we mean ma- 

10 terial which is either water soluble or if not 
soluble is capable of being carried along by 
water, eg small or at any rate light particulate 
material. Such material is carried over by the 
waste gas from the furnace and deposits in 

15 the pores in the regenerator bed. Such ma- 
terial may be fluxes, and dust from the charge 
being heated, eg metal or glass dust. In use, 
water or vapour sprayed onto the uppermost 
surface of the bed when the regenerator is 

20 not in operation would percolate down 

through the bed dissolving any water soluble 
matter or washing away any light particulate 
matter, this matter and the transporting water 
being discharged through the outlet. This avo- 

25 ids the necessity to remove the bed to clean 
the particles and in fact promotes the useful 
life of the bed. 

Preferably the inlet has a valve controlling 
the supply of water or vapour from the inlet 

30 to the injecting means and means are pro- 
vided to control the valve such that the valve 
Is open during a firing phase of the regenera- 
tor If the temperature of the combustion air 
sensed after preheat Is above a preset level. 

35 Suitably the means for controlling the inlet 
valve is also adapted to open the valve when 
the regenerator Is neither firing nor collecting 
heat. 

Conveniently the outlet has a valve control- 

40 ling the discharge of water or vapour from the 
outlet and means are provided to control the 
valve such that the valve Is closed during a 
firing or heat collecting phase and can be 
opened if the regenerator Is neither firing nor 

45 collecting heat. 

An embodiment of the Invention will now 
be particularly described with reference to the 
accompanying drawings in which: 

Figure 1 is a vertical section through a re- 

50 generator adapted both to produce reduced 
levels of NO^ and for the removal of suscep- 
tible material from the heat storage bed of the 
regenerator and Figure 2 is a schematic dia- 
gram of a suitable control system for a regen- 

55 erative heating system comprising two regen- 
erators of the type shown in Figure 1. 

Referring to Figure 1, the regenerator 1 
comprises a shaft 2 constructed of a refrac- 
tory material and having a main portion 3 and 

60 a side portion 4 the main portion 3 defining a 
generally vertically directed main bore 5 and 
the side portion 4 defining a bore 6. 

The main bore 5 has an uppermost cylindri- 
cal portion 7 which leads to a lowermost 

65 downwardly tapering frusto-conical portion 8. 



The side bore 6 has an upwardly angled 
cylindrical portion 9 leading from the lower- 
most region of the portion 7 and a generally 
horizontal portion 10 leading from the portion 
70 9. 

The main bore 5 and the angled portion 9 
of the side bore 6 house the heat storage bed 
1 1 which serves as means for collecting heat 
from waste gas during the heat collecting 

75 phase of the regenerator 1 and as means for 
preheating combustion air during the firing 
phase of the regenerator 1 . The bed 1 1 may 
comprise a multiplicity of refractory particles, 
in this case balls 12 of known type which 

80 almost completely fill the main bore 5 and 
partially occupy the bore portion 9. Secured 
by a flange 13 to the shaft 1 at a point above 
the uppermost surface 14 of the bed is a 
hood 15 through which during a firing phase 
85 combustion air Is supplied to enter the main 
bore 3 for preheating by the heat storage bed 
1 1 and through which during a heat collecting 
cycle waste gas passes in the opposite direc- 
tion after leaving the main bore 3 having given 
90 up its waste heat to the bed 1 1 . 

The hood 15 has a cylindrical wall 16 adja- 
cent to the flange 13 and a pipe 17 extends 
horizontally through the wall 16 across the 
uppermost surface 14 The pipe 17 is pro- 
95 vided with a number of spray nozzles facing 
the uppermost surface 14 of the bed 11. 
These nozzles 18 serve to spray water onto 
the uppermost surface 14 of the bed 11 
when the pipe 17 is supplied with water from 

100 an inlet 19. It will be appreciated that the inlet 
19 could alternatively be supplied with steam 
for discharge from the nozzles 18 In the event 
that waste steam is available. 

The inlet 1 9 is provided with an adjustable 

105 regulator valve 20 for regulating the flow rate 
of water to the pipe 17 and a solenoid type 
open-close valve 21 controlling the supply of 
water to the pipe according to a regime to be 
described subsequently. 

1 10 The base of the shaft 1 is apertured cen- 
trally and a refractory Insert 22 Is located 
within the aperture. The insert 22 Is also 
apertured centrally to receive a downwardly 
extending outlet pipe 23 for any water which 

1 15 has percolated through the heat storage bed 
1 1 . The outlet pipe 23 is provided with an 
open-close type solenoid valve 24 which Is 
controlled according to a regime to be de- 
scribed subsequently. 

120 A refractory burner 25 of known type is 
secured to the side portion 4 of the shaft 2 
and defines a cylindrical combustion chamber 
26 which via a lateral bore 27 communicates 
with the side bore. While not shown the bur- 

125 ner 25 is as conventional provided with a fuel 
inlet for injecting fuel Into the combustion 
chamber 26 for combustion with preheated 
combustion air leaving the heat storage bed 
1 1 and entering the side bore 6. While also 

130 not shown the burner is as conventional pro- 
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vided with an ignition device such as a pilot 
burner to ignite fuel entering the combustion 
chamber 26. 
In use, the burner 25 is secured to the wall 
5 of a furnace (not shown) so as to provide 
during a firing phase combustion products for 
heating the charge within the furnace. During a 
heat collecting phase the burner serves an in- 
let for the regenerator 1 to receive from the 
10 furnace, waste gas to provide waste heat for 
storage in the heat storage bed 1 1 . 

A temperature sensing device 28 extends 
through the wall of the side portion 4 into the 
side bore portion 10 to sense the temperature 
1 5 of the preheated combustion air during a heat 
collecting phase before the preheated air en- 
ters the combustion chamber 26 for the pur- 
pose already described above. 

Referring to Figure 2. similar compontents 
20 to those shown in Figure 1 bear the same 
reference numerals except that those compo- 
nents forming part of or controlling one regen- 
erator have a suffix "A" after the respective 
number while those components forming part 
25 of or controlling the other regenerator have a 
suffix "B" after the respective number. 

The regenerative heating system shown op- 
erates in a conventional manner, the operation 
of the two regenerators 1A and B being con- 
30 trolled by a firing sequencer 40 of known type 
such that when 1A is firing, regenerator IB is 
collecting heat and when regenerator IB is 
firing regenerator 1A is collecting heat. 

During operation, the regenerators alternate 
35 between the firing and heat collecting phases, 
changeover, from one phase to the other be- 
ing time or temperature controlled as is con- 
ventional- 
Each regenerator 1 is provided with a rever- 
40 sal valve 41 A, 41 B also of known type, each 
valve 41 being operable on a command signal 
from the firing sequencer 40 on appropriate 
lines 42A, 42B to connect the hood 15 A, 
15B of the regenerator 1A, IB either to a 
45 combustion air supply 43 during a firing phase 
or to an exhaust extractor 44 connected to an 
exhaust duct 44 during a heat collecting 
phase. As will be appreciated when valve 
41 A is connecting its hood 15A to the air 
50 supply 43, valve 41B is connecting its hood 
15B to the exhaust extractor 44 and when 
valve 41 A is connecting its hood 15A to the 
exhaust extractor 44 valve 41 B is connecting 
its hood 15B to the air supply 43. 
55 While not shown, the firing sequencer 40 
also controls the injection of fuel into the bur- 
ner 25A, 25B of each regenerator 1 in the 
well known manner such that fuel is injected 
into the burner 25 only when the particular 
60 regenerator 1 is firing for mixture and com- 
bustion with the preheated combustion air. 

The firing sequencer 40 is activated by two 
switches 46A, 46B, each regenerator 1A and 
IB being provided with a switch 46. To acti- 
65 vate the firing sequencer 40 so. as to operate 



the regenerative heating system, each of the 
switch members 47A, 47B must be moved to 
engage the respective "FIRE" position con- 
tacts 48A, 48B so as to enable the firing 

70 sequencer 40 to be powered up by the power 
lines 49A, 49B. 

To shut down the system, each of the 
switch members 47A 47B must be moved to 
engage the respective "CLEAN" position con- 

75 tact 49A, 49B. in this position, the heat sto- 
rage bed 11 A, 118 of each regenerator 1 can 
be cleaned by the removal of susceptible ma- 
terial with water. 

Each of the water inlets 19 A, 19B is sup- 

80 plied with water from a respective water sup- 
ply 50A, 50B under the control of the respec- 
tive water iniet solenoid valves 21 A and 21 B 
and regulator valves 20A and 20B. 
The solenoid valves 21 A, 21B are con- 

85 trolled by respective OR gates 51 A, 5 IB such 
that the valves 21 A, 21 B are closed unless 
the respective OR gate 51 A, 51 B is enabled 
in which case, the valves 21 A, 21 B are 
opened. 

90 The OR gates 51 A and 51B are enabled if 
the respective switch member 47A, 47B is 
engaging its "CLEAN" position contact 49A, 
49B OR if an appropriate AND gate 52A, 52B 
is enabled. 

95 Each AND gate 52A, 52B is enabled if there 
is a signal on a respective line 53A, 53B from 
the firing sequencer 40 requiring the regenera- 
tor lA, IB to fire AND if the temperature of 
the combustion air in that regenerator as 

100 sensed by the appropriate temperature sensor 
27A, 27B is still above its preset level or 
limit. In the case of the latter, the temperature 
sensed is compared with a temperature preset 
in a comparitor 54A, 54B and only if the tem- 

105 perature is still above the preset level will an 
enabling signal reach the AND gate 52A, 52B. 

The water outlet solenoid valves 24A, 24B 
are always closed unless the respective switch 
member 47A, 47B is engaging its "CLEAN" 

110 position contact 49A 49B in which case the 
valve 47A, 47B will open to allow water to 
discharge through the outlet 23A, 23B to a 
drain 55A, 55B by way of a drain duct 56A, 
56B. 

115 If the regenerative heating system is operat- 
ing to provide heat for a furnace charge, each 
of the switch members 47A, 47B will be en- 
gaging its respective "FIRE" position contact 
48A, 48B and the firing sequencer 40 will be 

120 activated. In this case the sequencer 40 will 
have selected one of the regenerators to fire 
and the other to collect heat. Thus in the 
regenerator which is firing the combustion air 
will be preheated by the previously heated 

1 25 heat storage bed 1 1 . If the temperature of 
this air as sensed by sensor 28 is above the 
preset limit, the AND gate 52 will be enabled 
to enable the OR gate 5 1 and thus the water 
inlet solenoid valve 21 will open. Thus water 

130 will be supplied to the pipe 17 and will be 



nMsnru-»rv^R 9itua23A 1 > 



GB 2 184 823 A 



sprayed by the nozzles 1 8 onto the upper- 
most surface 1 4 of the bed 1 1 . This water 
will be converted to steam at the level in the 
bed where the temperature of the bed 1 1 Is 
5 high enough. Under normal circumstances the 70 
temperature in this part of the bed 1 1 will be 
200**C or more so that vapourisation of the 
water will occur instantaneously. Ihis vapour 
will be entrained by and will be carried along 

10 by the stream of combustion air as it passes 75 
through the bed 1 1 for preheating. The vapour 
in the combustion air will tend to reduce the 
level of NO^ resulting from the combustion of 
fuel and the preheated air in the combustion 

15 chamber 26 of the burner 25. The resulting 80 
combustion products will enter the furnace to 
heat the charge contained therein. The resul- 
tant waste gas will then enter the other re- 
generator so as to preheat its cooled heat 

20 storage bed for its next firing phase. This pro- 85 
cess will continue until the temperature of the 
preheated combustion air in that regenerator 
which is firing falls to below its preset level in 
which case the AND gate 52 will be disena- 

25 bled and consequently the solenoid valve 21 90 
will close to terminate water spraying. In any 
case, at the end of the firing phase even if 
water is still being supplied to the regenerator 
which is firing, the AND gate 52 will be disen- 

30 abled on changeover to the heat collecting cy- 95 
cle. This process will continue during that per- 
iod when the system is operating. 

When the system has been shut down for 
cleaning, the switch members 47 will be en- 

35 gaging their respective "CLEAN" position con- 100 
tacts 49. In this case therefore the respective 
OR gates 51 will be enabled to open the 
water inlet solenoid valves 21 to enable water 
to be sprayed onto the heat storage beds 1 1 

40 for cleaning purposes. In addition the outlet 105 
valves 24 will also be open to discharge the 
water from the regenerators 1 . This water, 
which will percolate throught the heat storage 
beds 1 1 will contain water soluble and light 

45 particulate matter carried over from the fur- 110 
nace charge and tending to block the pores of 
the beds 11 — thus providing cleaning of the 
bed. 

50 CLAIMS 115 
1 . A method for limiting the presence of the 
oxides of nitrogen in the exhaust gas leaving a 
regenerator, the method comprising injecting 
water or water vapour into the regenerator 

55 during its firing phase and causing the water 120 
or water vapour to reach the combustion 
chamber of the regenerator by way of its heat 
storage bed which has been preheated during 
a previous heat collecting phase. 

60 2. A method as claimed in claim 1 in which 125 
the water or water vapour is injected into the 
combustion air at a point upstream of the heat 
storage bed with respect to the direction of 
movement of the combustion air. 

65 3. A method as claimed in claim 2 in which 130 



the heat storage bed is arranged so that its 
surface farthest from the combustion chamber 
is uppermost. 

4. A method as claimed in any of the pre- 
ceding claims in which the temperature of the 
combustion air is sensed before the air enters 
the combustion chamber and after the air 
leaves the heat storage bed and if the temper- 
ature of the combustion air is below a preset 
level the injection of water or water vapour 
into the regenerator is ceased. 

5. A regenerator adapted to limit the pres- 
ence of the oxides of nitrogen in the exhaust 
gas leaving the regenerator, the regenerator 
comprising a shaft housing a heat storage 
bed, and means for injecting water or water 
vapour into the regenerator during firing in 
such a manner that the water or water vapour 
enters the combustion chamber of the regen- 
erator by way of the heat storage bed which, 
in use, has been preheated during a previous 
heat collecting phase. 

6. A regenerator as claimed in claim 5 in 
which the means for injecting water or water 
vapour into the regenerator is arranged to in- 
ject the water or water vapour into the com- 
bustion air at a point upstream of the heat 
storage bed with respect to the direction of 
movement of combustion air. 

7. A regenerator as claimed in claim 6 in 
which the heat storage bed is arranged so 
that its surface farthest from the combustion 
chamber is uppermost. 

8. A regenerator as claimed in any of claims 
5 to 7 in which means are provided to sense 
the temperature of the combustion air before 

it reaches the combustion chamber and means 
responsive to the temperature sensing means 
is provided to cause the injection of water or 
water vapour to cease if the temperature of 
the combustion air is below a preset level. 

9. A regenerator comprising a shaft which 
houses a heat storage bed and which, in use, 
is generally upwardly directed, means for in- 
jecting water or water vapour onto that sur- 
face of the heat storage bed which is upper- 
most when the shaft is in its generally up- 
wardly directed position, an inlet for supplying 
water or water vapour to the injecting means, 
and an outlet for discharging from the regen- 
erator water which has percolated through the 
bed, the outlet being disposed beneath that 
surface of the bed which is lowermost when 
the shaft is in its generally upwardly directed 
position. 

10. A regenerator as claimed in claim 1 1 in 
which the inlet has a valve for controlling the 
supply of water or water vapour from the inlet 
to the injecting means and means are pro- 
vided to control the valve such that the valve 
is open during a firing cycle of the regenerator 
if the temperature of the combustion air 
sensed after preheat is above a preset level. 

11. A regenerator as claimed in claim 12 in 
which the means for controlling the inlet valve 
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is also adapted to open the valve when the 
regenerator is neither firing nor collecting heat. 

12. A regenerator as claimed in any of 
claims 11 to 13 in which the outlet has a 

5 valve controlling the discharge of water or 
water vapour from the outlet and means are 
provided to control the valve such that the 
valve is closed during a firing or heat collect- 
ing phase and can be opened if the regenera- 
10 tor is neither firing nor collecting heat. 

13. A regenerator substantially as hereinbe- 
fore described with reference to the accom- 
panying drawings. 

14. A regenerative heating system compris- 
15 ing two or more regenerators as claimed in 

any of claims 5 to 13. 

15. A method for limiting the presence of 
the oxides of nitrogen in the exhaust gas leav- 
ing a regenerator substantially as hereinbefore 

20 described with reference to the accompanying 
drawings. 

16. A regenerative heating system substan- 
tially as hereinbefore described with reference 
to the accompanying drawings. 
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